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.
$F_{i},$ $F$o . ,






total squared curvature ,
(E) $E= \oint\kappa(s)^{2}ds$
. , $\kappa$ , $s$ -
:
(EQ) $\{\begin{array}{l}\frac{\partial\gamma}{\partial t}=-\frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}\{-\frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}v=\int_{0}^{\mathrm{L}}\{v\end{array}$
$(v-2| \frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x}\}+\lambda n$ ,
$2| \frac{\partial^{2}\gamma}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}$
$-(n \cdot\frac{\partial^{2}\gamma}{\partial x^{2}})^{3}+$ A $\}dx=0$ .
, $v$ (x, $t$ ) $\lambda(t)$ . ,
:
1.1. $|(\partial\gamma_{0}/\partial x)(x)|\equiv 1$ $\gamma_{0}(x)$ . ,
$L$ , $A_{0}$ , 1 . , (EQ)
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$\gamma(x, t)$ $t>0$ , , $\gamma(x, t)$ $|(\partial\gamma/\partial x)(x, t)|\equiv 1$
, $tarrow\infty$ , $\gamma(x, t)$
(EE) $\{$
$- \frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}\{(v-2|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x}\}+\lambda n=0$ ,
$- \frac{\partial^{2}v}{\partial x^{2}}+|.\frac{\partial^{2}\gamma}{\partial x^{2}}|2 v =2| \frac{\partial^{2}\gamma}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}$ ,
$\int_{0}^{L}\{(n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}})v-(n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}})^{3}+\lambda\}dx=0$ ,
$\hat{\gamma}(x)$ $C^{\infty}$ .





. , Langer and Singer [2] elastica
, knot type . ,
. , K.
Watanabe[6], [7] . [6] ,
$\frac{4L^{2}}{25\pi}\leq M\leq\frac{L^{2}}{4\pi}$
$L>0$ $M$ , minimizer $\gamma$ , $\gamma$
, ,
. , $L,$ $M$ $\gamma$ , . [7] ,
$\delta_{0}$ ,
$0< \frac{L^{2}}{4\pi}-M<\delta_{0}$
[6] . , MatsumotO-Murai-Yotsutani [3]
, $n\geq 2(n\in \mathrm{N})$ ,
$n$-mode . , $n$ -mode $n$
. Euler-Lagrange
(1.1) $\frac{d^{2}\kappa}{ds^{2}}+\frac{1}{2}\kappa^{3}-\mu_{1}\kappa-\mu_{2}=0$
. , $\mu_{1}$ $\mu_{2}$ Lagrange . (EE) (1.1)
2 .
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2 , (EQ) . , , 3
, 4 , 5 ,
2
$\gamma_{0}$ , $L$ , $A_{0}$ . $\gamma_{0}$
$x\in S_{L}^{1}:=\mathbb{R}/L\mathbb{Z}$ . , $|(\partial\gamma 0/\partial x)(x)|\equiv 1$
. $\gamma_{0}(x)$ $t>0$ $\gamma(x, t)$




(2.1) $| \frac{\partial\gamma}{\partial x}(x, t)|\equiv 1$ .
, $x$ $\gamma$ , $\gamma(x, t)$ $L$ .
, (E)
(2.2) $E( \gamma(x, t))=\int_{0}^{L}|\frac{\partial^{2}\gamma}{\partial x^{2}}(x, t)|^{2}dx$
. ,
(2.3) $A( \gamma(x, t))=-\frac{1}{2}\int_{0}^{L}n(x, t)\cdot\gamma$(x, $t$ ) $dx\equiv 4$
. , $n$ (x, $t$ ) $\gamma(x, t)$ ,
$n=-R(\partial\gamma/\partial x)$ . , $R=$ (1) . (2.1), (2.3)
(2.2) .
$\frac{d}{dt}$E($\gamma$ (x, $t)$ ) $=2 \int_{0}^{L}\frac{\partial^{2}\gamma}{\partial x^{2}}(x, t)\cdot\frac{\partial^{2}}{\partial x^{2}}\frac{\partial\gamma}{\partial t}$ (x, $t$ ) $dx=2 \int_{0}^{L}\frac{\partial^{4}\gamma}{\partial x^{4}}(x, t)\cdot\frac{\partial\gamma}{\partial t}(x, t)dx$
, $\partial\gamma/\partial t=-(\partial^{4}\gamma/\partial x^{4})$ “ ”
. , “ ” .
, $t$ “ ” . (2.1) ,
$(\partial\gamma/\partial x)$ $(\partial^{2}\gamma/\partial x\partial t)=0$ . ,
$V= \{\eta(x, t)|\frac{\partial\eta}{\partial x}$ . $\frac{\partial\gamma}{\partial x}=0\}$
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$\partial x$ (\mbox{\boldmath $\xi$}(x, $t$ ) $\frac{\partial\gamma}{\partial x}$ (x, $t$)) $|\xi(x, t)$ },
(t) $n(x, t)|\lambda(t)$ },
V W , $\xi(x, t)$ $’\backslash (t)$
$- \frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}(\xi\frac{\partial\gamma}{\partial x})+\lambda n\in V\cap W$
,
$\{\begin{array}{l}\frac{\partial\gamma}{\partial t}\{\int|\frac{\partial\gamma}{\partial x}|\equiv 1\end{array}$
$=- \frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}(\xi\frac{\partial\gamma}{\partial x})+\lambda n$ ,
$- \frac{\partial^{5}\gamma}{\partial x^{5}}+\frac{\partial^{2}}{\partial x^{2}}(\xi\frac{\partial\gamma}{\partial x})+\lambda\frac{\partial n}{\partial x}\}\cdot\frac{\partial\gamma}{\partial x}=0$ ,
$.(\mathrm{C}1)$
, (C2) , $\partial\gamma/\partial t\in V\cap W$
.
$|$
$0L \{-\frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}(\xi\frac{\partial\gamma}{\partial x})+\lambda n\}1ndx=0$,
$\llcorner-^{\mathrm{Y}}$ , $\partial\gamma/\partial t\in V$ , $\partial\gamma/\partial t\in$
, $(\partial\gamma/\partial x)$ $(\partial^{2}\gamma/\partial x^{2})=0$ $v=$
$v2+| \frac{\partial^{2}\gamma}{\partial x^{2}}|2 v =2| \frac{\partial^{2}\gamma}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}$




2.1. $(\partial\gamma/\partial x)$ $(\partial^{2}\gamma/\cdot\partial x\partial t)=0$ (2.1)
, (EQ) (2.1) . , (EQ) (2.1)
.
(EE) (1.1) (EE) ,
$0= \{-\frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}\{$ ($v-2$ $| \frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}$) $\frac{\partial\gamma}{\partial x}\}+\lambda n\}\cdot\frac{\partial\gamma}{\partial x}$
$= \frac{3}{2}\frac{\partial}{\partial x}(|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})+\frac{\partial}{\partial x}(v-2|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})$
, (EE) :
$- \frac{\partial^{4}\gamma}{\partial x^{4}}+\frac{\partial}{\partial x}.((C-\frac{3}{2}|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x})+\lambda n=0$.
, $C$ . ,




, $v$ $\lambda$ 1
3.1 (Koiso [1]). $a$ (x), $f(x)\in C(S_{L}^{1})$ , $a\geq 0,$ $||a||_{L^{1}}>0$ .




(3.2) $\max_{x\in S_{L}^{1}}|\frac{dv}{dx}|\leq 2(1+L||a||_{L^{1}})||$f $||_{L^{1}}$ ,
(EQ) $[0, T_{m})$ -
$v$ (x, $t$ ) $\lambda(t)$ $t>0$ (EQ)
1
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3.2. $\gamma(x, t)$ $|(\partial\gamma/\partial x)(x, t)|\equiv 1$ . ,
(3.3) $\{$
$- \frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma}{\partial x^{2}}|2 v =2| \frac{\partial^{2}\gamma}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}$ ,
$\int_{0}^{L}\{(n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}})v-(n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}$) $3+\lambda\}dx=0$ ,
$t>0$ ( $v$ (x, $t$), $\lambda(t)$ ) . $\gamma(x, t)$ , ($v($x, $t),$ $\lambda(t)$ )
,
(3.4) $v=u+\lambda w$ , $\lambda=\frac{\int_{0}^{L}(-\kappa u+\kappa^{3})dx}{L+\int_{0}^{L}\kappa wdx}$
. , $u,$ $w$
(3.5) $- \frac{\partial^{2}u}{\partial x^{2}}+\kappa^{2}u=\kappa^{4}-(\frac{\partial\kappa}{\partial x})^{2},$ $- \frac{\partial^{2}w}{\partial x^{2}}+\kappa^{2}w=-\kappa$,
. , $\gamma(x, t)$ $r$ ,
$\{(v, \lambda)|v=\frac{1}{r^{2}}-\lambda$r, $\lambda\in \mathbb{R}\}$
.
, $C([0, T)$ : $(W^{4,p}(S_{L}^{1}))^{2}\mathrm{x}H^{2}(S_{L}^{1})\cross \mathbb{R})$
(EQ) mild solution . , (EQ)
. , $A=(\partial^{4}/\partial x^{4})+1$ $\text{ }$ . , $D$ (A) $D(A)=W^{4,p}(S_{L}^{1})$ .
, $W^{4,p}(S_{L}^{1})$ $S_{L}^{1}$ Sobolev , $p\geq 3$ . $A$
$U(S_{L}^{1})$ , $-A$ $e^{-tA}$ . , $\gamma=(\varphi, \psi)$
(EQ) :
(EQA) $\{\begin{array}{l}\frac{\partial\varphi}{\partial t}=-A\varphi+f(\varphi,\psi,v,\lambda)\frac{\partial\psi}{\partial t}=-A\psi+g(\varphi,\psi,v,\lambda)-\frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma}{\partial x^{2}}||\frac{\partial^{2}\gamma}{\partial x^{2}}||\frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}L\lambda=-\int_{0}^{L}\{v-()^{3}\}dx\end{array}$
203
, $f$ $g$
$f( \varphi, \psi, v, \lambda)=\frac{\partial}{\partial x}\{(v-$ $2| \frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\varphi}{\partial x}\}-\lambda.\frac{\partial\psi}{\partial x}+\varphi$ ,
$g( \varphi, \psi, v, \lambda)=\frac{\partial}{\partial x}\{(v-$ $2$ $| \frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}).\frac{\partial\psi}{\partial x}\}+\lambda\frac{\partial\varphi}{\partial x}+\psi$,
. $\frac{3}{4}+\frac{1}{4p}<\alpha<\frac{7}{\mathrm{s}}$ $\alpha$ , $A^{\alpha}$ $X^{\alpha}=$
$D(A^{\alpha})$ $.\tilde{\mathrm{x}}$ . $A$ , $X^{\alpha}$ $||u||_{(\alpha)}:=||A^{\alpha}u||_{L^{p}}$ .
$\frac{3}{4}<\alpha$ , $X^{\alpha}\subset W^{3,p}(S_{L}^{1})$ . , C
$||$ $||_{W^{3,\mathrm{p}}}\leq C_{\alpha}||\cdot||_{(\alpha)}$ .
$\gamma 0=$ $(\varphi_{0}, \psi 0)$ , $\varphi_{0},$ $\psi_{0}\in D$ (A) . 3.2 , $v_{0}$
$\lambda_{0}$
$\{$
$- \frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}|2 v =2| \frac{\partial^{2}\gamma_{0}}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma_{0}}{\partial x^{3}}|^{2}-\lambda n_{0}\cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}.$
’
$L\lambda=-\mathit{1}L\{$ ($n_{0}$ . $\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}$) $v-(n_{0} \cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}$ ) $3\}dx$ ,
. $\gamma_{0}$ , $\delta_{0}$
$L+ \int_{0}^{L}$ ($n_{0} \cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}$) $w_{0}dx\geq\delta_{0}$
. , $w_{0}$
$- \frac{\partial^{2}w}{\partial x^{2}}+|\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}|^{2}w=-n_{0}\cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}$
. (EQA) mild solution
, $\gamma_{j},$ $v_{j},$ $\lambda_{j}$
(SA) $\{$
$\varphi_{j+1}=e^{-tA}\varphi 0+\int_{0}^{t}e^{-(t-s)A}f(\varphi_{j}(s), \psi_{j}(s),$ $v_{j}(s)$ , $\lambda_{j}(s))ds$ ,
$\psi_{j+1}=e^{-tA}\psi_{0}+\int_{0}^{t}e^{-(t-s)A}g(\varphi_{j}(s), \psi_{j}(s),$ $v_{j}(s),$ $\lambda_{j}(s))ds$ ,
, $v_{j}$ $\lambda_{j}$ :
$- \frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma_{j}}{\partial x^{2}}|2 v =2| \frac{\partial^{2}\gamma_{j}}{\partial x^{2}}|4 -| \frac{\partial^{3}\gamma_{j}}{\partial x^{3}}|^{2}-\lambda n_{j}\cdot\frac{\partial^{2}\gamma_{j}}{\partial x^{2}}$ ,
$L \lambda=-\int_{0}^{L}\{(n_{j}\cdot\frac{\partial^{2}\gamma_{j}}{\partial x^{2}})v-(n_{j}\cdot\frac{\partial^{2}\gamma_{j}}{\partial x^{2}})^{3}\}dx$ .
, .
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3.3. $\epsilon>0$ $||\partial^{2}\gamma_{0}/\partial x^{2}||_{L^{\mathit{2}}}-2L^{(p-2)/2p}C_{\alpha}\epsilon>0$ . $\epsilon$
, $||\varphi_{j}-\varphi_{0}||_{(\alpha)},$ $||\psi_{j}-\psi_{0}||_{(\alpha)}\leq\epsilon$ . , $K_{1}$
(3.6) $| \int_{0}^{L}n_{j}$ . $\frac{\partial^{2}\gamma_{j}}{\partial x^{2}}$w$jdx- \int_{0}^{L}n_{0}\cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}w_{0}dx|\leq K_{1}\epsilon$
. , $K_{1}$ $||\varphi_{0}||_{(\alpha)},$ $||\psi_{0}||_{(\alpha)},$ $\epsilon$ .
$\lambda_{j}$ 0 , $\gamma_{j},$ $v_{j},$ $\lambda_{j}$ .
$\epsilon_{*}:=\min\{\epsilon$1, $\epsilon_{2}>0$ $||| \frac{\partial^{2}\gamma_{0}}{\partial x^{2}}||_{L^{2}}-2L(p-2)/2pC_{\alpha}\epsilon_{1}>0,$
$\delta_{0}-K1\epsilon_{2}>\frac{\delta_{0}}{2}\}$
. 3.3 , $||\varphi_{j}-\varphi_{0}||_{(\alpha)},$ $||\psi_{j}-\psi_{0}||_{(\alpha)}\leq\epsilon_{*}$
$|L+ \int_{0}^{L}n_{j}\cdot\frac{\partial^{2}\gamma_{j}}{\partial x^{2}}w$j $dx| \geq|L+\int_{0}^{L}n_{0}\cdot\frac{\partial^{2}\gamma_{0}}{\partial x^{2}}w_{0}dx|-K1^{\mathcal{E}_{*}\geq\delta_{0}-}K1\epsilon_{*}\geq\frac{\delta_{0}}{2}$
. , $\epsilon_{*}$ $\gamma_{j},$ $v_{j},$ $\lambda_{j}$
.
3.4. $||\varphi_{j}-\varphi_{0}||_{(\alpha)},$ $||\psi_{j}-\psi_{0}||_{(\alpha)}\leq\epsilon_{*}$ . $||\varphi_{0}||_{(\alpha)},$ $||\psi_{0}||_{(\alpha)},$ $\epsilon$*
$K_{2},$ $K_{3},$ $K_{4},$ $K_{5},$ $K$6
(3.7) $|\lambda j(t)-\lambda_{0}|\leq K_{2}\epsilon_{*}$ ,
(3.8)
$\sup_{x\in S_{L}^{1}}|$
vj(x, $t$ ) $-v_{0}(x)|\leq K_{3}\epsilon_{*}$ ,
(3.9) $\sup_{x\in S_{L}^{1}}|\frac{\partial v_{j}}{\partial x}(x, t)-\frac{\partial v_{0}}{\partial x}(x)|\leq K_{4}\epsilon_{*}$ ,
(3.10) $||$ f($\varphi_{j},$ $\psi$j, $v$j’ $\lambda$j)-f $(\varphi_{0}, \psi 0, v_{0}, \lambda_{0})||$L$p\leq K_{5}\epsilon_{*}$ ,
(3.11) $||g$ ( $\varphi_{j},$ $\psi$j, $v$j’ $\lambda$j)-g($\varphi$0, $\psi$o, $v_{0},$ $\lambda_{0}$) $||$ L$\mathrm{p}\leq K_{6}\epsilon_{*}$ ,
.




$(0\leq t\leq T)$ ,
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$T>0$ . , $\varphi_{j},$ $\psi_{j},$ $v_{j},$ $\lambda_{j}$ (SA)
. , $j$ $\varphi_{j}$ , $\psi_{j}\in C$ $([0, T] : X^{\alpha})$ ,
$||\varphi_{j}-\varphi_{0}||_{(\alpha):}$ ||4 $\psi_{0}||_{(\alpha)}\leq\epsilon_{*}$
.
$F( \varphi_{j}, \psi_{j})=e^{-tA}\varphi_{0}+\int_{0}^{t}e^{-(t-s)A}f$ ( $\varphi_{j}(s),$ $\psi$j(s), $v_{j}$ (s), $\lambda$j(s)) $ds$ ,
$G( \varphi_{j}, \psi j)=e^{-tA}\psi_{0}+\int_{0}^{\mathrm{t}}e^{-(t-s)A}g$( $\varphi_{j}(s),$ $\psi$j(s), $v$j(s), $\lambda$j(s)) $ds$ ,
$\text{ _{}\mathrm{I}}$
$S_{\epsilon.\varphi\prime}=\{\varphi\in C([0, T] : X^{\alpha})|||\varphi-\varphi_{0}||_{(\alpha)}\leq\epsilon_{*}\}$ ,
$S_{\epsilon_{*},\psi}=\{\psi\in C([0, T] : X^{\alpha})|$ ||\psi -\psi O||(\mbox{\boldmath $\alpha$} $\leq\epsilon_{*}\}$ ,
. $S_{\epsilon_{\mathrm{r}},\varphi}$ $S_{\epsilon_{\mathrm{s}},\psi}$ $||u||_{T}:= \sup_{t}||u(t)||_{(\alpha)}$ , ( $S_{\epsilon_{*},\varphi},$ $|$ | $||$ |T)
( $S_{\epsilon_{*},\psi},$ $||\cdot|$ |T) Banach . $\mathcal{F}:S_{\epsilon_{*},\varphi}\cross S_{\epsilon_{*},\psi}arrow S_{\epsilon_{*},\varphi}\cross S.,$’
$F$( $\varphi$j’ $\psi$Z) $=(F(\varphi_{j}, \psi_{j}),$ $G$ ( $\varphi_{j},$ $\psi$D)
. 3.3, 3.4 $i$ , $i$ $j$
$L_{1}$ $L_{2}$
(3.13) $||$ f( $\varphi_{i},$ $\psi$i, $v_{i}$ , $\lambda_{i}$ ) $-f$ ( $\varphi_{j},$ $\psi$j, $v$j, $\lambda$i) $||$ L$p\leq L_{1}(||\varphi_{i}-\varphi$j $||(\alpha)+||\psi i-\psi$j $||(\alpha)$ ) ,
(3.14) $||$g( $\varphi$i, $\psi$i, $v_{i}$ , $\lambda_{\mathrm{i}}$ ) $-g$ ( $\varphi_{j},$ $\psi_{j},$ $v_{j},$ $\lambda$j) $||_{L^{\mathrm{p}}}\leq L_{2}(||\varphi_{i}-\varphi$j $||(\alpha)+||\psi i-\psi$j $||(\alpha)$) ,
, .
3.6. (3.12) $\vec{1-}\overline{\alpha}\mathrm{c}_{T^{1-\alpha}}$ $(L_{1}+L_{2})<1$ $T>0$ , $\mathcal{F}$ $S_{\epsilon_{*},\varphi}\mathrm{x}S_{\epsilon_{*}},\psi$
.
(EQA) mild solution
. mild solution (EQ) .
, $f(\varphi, \psi, v, \lambda)$ $g(\varphi, \psi, v, \lambda)$ $(0, T)$ $L^{p}(S_{L}^{1})$ H\"older
, $\varphi$ $\psi$ $(0, T)$ $L^{p}(S_{L}^{1})$ H\"older
. $f$ $g$ H\"older ,
$\varphi,$ $\psi\in C([0, T]:X^{\alpha})\cap C^{1}([0, T]:L^{\mathrm{p}})$ , , (EQA)
. , $\varphi$ $\psi$ (EQ)
.
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3.1. , $\gamma(x, t)$ $t$ ,
$v$ (x, $t$ ), $\lambda(t)$ $t$ $($
2.1 , (EQ) (2.1)
, $\gamma$ (2.1) . ,
, $|\partial\gamma_{0}/\partial x|\equiv 1$
3.7. $|(\partial\gamma_{0}/\partial x)(x)|\equiv 1$ $\gamma_{0}(x)$ . ,




3.8. $\gamma_{0}(x)=\tilde{a}+r(\cos \mathrm{H}, \sin\frac{x}{r})$ . , a\rightarrow
, $r$ . , (EQ) $(\gamma(x, t)$ , $v$ (x, $t$ ), $\lambda(t))=$
$( \gamma_{0}(x), \frac{1}{r^{2}}-\lambda_{0}(t)r$ , $\lambda_{0}(t))$ . , $\lambda_{0}(\mathrm{t})$ .
4






. , $L^{2}/4\pi$ $L$ . , $\gamma_{0}(x)$
1 . , $\gamma_{0}(x)$ . , $\gamma(x, t)$
(EQ) $[0, T_{m})$ .
(EQ) , $\gamma(x, t)$ .
, , $\gamma(x, t)$ , 1 .
, $<\mathrm{f}$
4.1. $||\kappa||_{L^{2}}$ . ,
$|| \kappa||_{L^{2}}^{2}\geq\frac{4\pi^{2}}{L}$
$\circ$ . $\kappa\equiv 2\pi/La$. $e$ . .
(EQ) $\int_{0}^{L}(\kappa-\frac{2\pi}{L})^{2}d$x .
, $||\kappa||_{L^{2}}$ $||\partial^{2}\gamma/\partial x^{2}||_{L^{2}}$ , 0






. . . ( [4].)
. , . ,
$L+ \int_{0}^{L}\kappa$jwj $dxarrow 0$ $(jarrow\infty)$
$\{t_{j}\}_{j=1}^{\infty}\subset[0,$ $T$m) . , $\kappa_{j}:=\kappa$ ( $\cdot,$ $t$j), $w_{j}:=w($ ., $t_{j})$ .
. Ascoli-Arzel\’a , $\{w_{jn}\}\subset\{wj\}$ $narrow\infty$
$w_{j_{n}}$ $w_{\infty}$ , , w
.
. 4.1 , $\kappa_{j}$ $L^{2}(S_{L}^{1})$ , \kappa
. $\gamma_{j}$ 1 ,
$w_{\infty}=- \frac{L}{2\pi}$




$\kappa_{\infty}\equiv\frac{2\pi}{L}a$ . $e$ .
. $\gamma_{j}$ \kappa , , $C^{1}$ .
$\gamma_{j}$ , .








4.4. $\gamma(x, t)$ (EQ) $[0, T)$ . $||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}\leq C_{1}$
. , $n>3$ $||\partial^{n}\gamma/\partial x^{n}||_{L^{2}}\leq C_{2}$ . , $C_{2}$
$C_{1},$ $\gamma_{0},$ $T$ .
. 4.3 4.4 ,
$||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}$ . ,
.
4.5. $\gamma(x, t)$ (EQ) $[0, T)$ . , $C_{1}$ $C_{2}$
(4.3) $\frac{d}{dt}||\frac{\partial^{2}\gamma}{\partial x^{2}}|$ $| \frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2}+C2$
. , $C_{1}$ $C_{2}$ $\gamma_{0}$ $T$ .
. , $\lambda$ $v$ ,
. , .
4.1. |( \gamma 0/\partial x)(x)|\equiv l $\gamma_{0}(x)$ . ,
$L$ , $A_{0}$ , 1 . $|A_{0}|<L^{2}/4\pi$ . ,
(EQ) $t>0$ $\gamma(x, t)$ . $\gamma(x, t)$
$|(\partial\gamma/\partial x)(x, t)|\equiv 1$
. 3.7 , $\gamma(x, t)$ $|\partial\gamma/\partial x|\equiv 1$ .
4.4 , $||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}$ .
(4.4) $\frac{d}{dt}||\frac{\partial^{3}\gamma}{\partial x^{3}}||_{L^{2}}^{2}=2\langle\frac{\partial^{5}\gamma}{\partial x^{5}},$ $- \frac{\partial^{5}\gamma}{\partial x^{5}}+\frac{\partial^{2}}{\partial x^{2}}((v-2|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x})+\lambda\frac{\partial n}{\partial x}\}_{L^{2}}$
$\leq-||$C$|$ $| \frac{\partial^{2}}{\partial x^{2}}((v-2|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x})+\lambda\frac{\partial n}{\partial x}||_{L^{2}}^{2}$
, (4.4) 4.1, 4.3
$|| \lambda\frac{\partial n}{\partial x}||_{L},$ $\leq C$ ( $1+|| \frac{\partial^{5}\gamma}{\partial x^{5}}||_{L}^{\frac{1}{3}}$2),
$|| \frac{\partial^{2}}{\partial x^{2}}((v-2|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2})\frac{\partial\gamma}{\partial x})||_{L^{2}}\leq C(1+||\frac{\partial^{5}\gamma}{\partial x^{5}}|$ $| \frac{\partial^{4}\gamma}{\partial x^{4}}||_{L}$
2
$|| \frac{\partial^{3}\gamma}{\partial x^{3}}||_{L^{2}})$ ,
. , $||’\gamma/\partial x^{4}||_{L^{2}}||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}$ ||v( \gamma /\partial \nearrow )||L2
. ,
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$\frac{d}{dt}||\frac{\partial^{3}\gamma}{\partial x^{3}}||\begin{array}{ll}2 L^{2} \leq-\end{array}|| \frac{\partial^{5}\gamma}{\partial x^{5}}||_{L^{2}}^{2}+C(1+||\frac{\partial^{5}\gamma}{\partial x^{5}}||\begin{array}{ll}\frac{11}{6} L^{2} +\end{array}|| \frac{\partial^{3}\gamma}{\partial x^{3}}$. $| |\begin{array}{l}2L^{2}\end{array}||\frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2})$
$\leq(-1+\frac{11}{12}\epsilon^{\frac{12}{11}})||\frac{\partial^{5}\gamma}{\partial x^{5}}||_{L^{2}}^{2}+C(1+\frac{\epsilon^{-12}}{12}+||\frac{\partial^{3}\gamma}{\partial x^{3}}||\begin{array}{l}2L^{2}\end{array}||.\frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2})$
. , $-1+$ $\frac{11}{12}\epsilon^{12/11}<0$ $\epsilon$ ,
(4.5) $\frac{d}{dt}||\frac{\partial^{3}\gamma}{\partial x^{3}}||_{L^{2}}^{2}\leq C(1+||\frac{\partial^{3}\gamma}{\partial x^{3}}|$ $| \frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2})$
. 4.1 $||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}>C>0$ , (4.5)
$||\partial^{3}\gamma/\partial x^{3}||_{L^{2}}^{2}$ ,
(4.6) $\frac{d}{dt}\log||\frac{\partial^{3}\gamma}{\partial x^{3}}||_{L^{2}}^{2}\leq C(1+||\frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2})$
. 4.5 ,
(4.7) $\frac{d}{dt}||\frac{\partial^{2}\gamma}{\partial x^{2}}|$ $| \frac{\partial^{4}\gamma}{\partial x^{4}}||_{L^{2}}^{2}+C2$
. (4.6) (4.7)
$C_{1} \frac{d}{dt}\log||\frac{\partial^{3}\gamma}{\partial x^{3}}||_{L^{2}}^{2}+C\frac{d}{dt}||\frac{\partial^{2}\gamma}{\partial x^{2}}||_{L^{2}}^{2}\leq C_{3}$
. 4.1 , .
5






$x\mathrm{S}$up $| \frac{\partial v}{\partial x}|\leq C_{1}(1+||\frac{\partial\gamma}{\partial t}||_{L^{2}})$ ,
(5.2) $\sup_{x\in S_{L}^{1}}|\frac{\partial^{2}v}{\partial x^{2}}|\leq C_{2}(1+||\frac{\partial\gamma}{\partial t}||_{L^{2}}^{\frac{3}{2}})$ ,
. , $C_{1}$ $C_{2}$ $t$ .
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$||\gamma||_{H^{n+4}},$ $||v||_{H^{n+3}} \leq C(1+||\frac{\partial\gamma}{\partial t}||_{H^{n}}^{N})$
, $\partial v/\partial t$ $\partial\lambda/\partial \mathrm{t}$ . ,
$\{\begin{array}{l}-\frac{\partial^{2}v}{\partial x^{2}}+|\frac{\partial^{2}\gamma}{\partial x^{2}}||\frac{\partial^{2}\gamma}{\partial x^{2}}||\frac{\partial^{3}\gamma}{\partial x^{3}}|^{2}-\lambda n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}\int_{0}^{L}\{v-()^{3}+\lambda\}dx=0\end{array}$
$t$ ,
$)$ $\{\begin{array}{l}-\frac{\partial^{2}}{\partial x^{2}}\frac{\partial v}{\partial t}+|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}\frac{\partial v}{\partial \mathrm{t}}=-2v+8|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}()-2\frac{\partial^{3}\gamma}{\partial x^{3}}\cdot\frac{\partial^{3}}{\partial x^{3}}\frac{\partial\gamma}{\partial t}-\lambda\frac{\partial}{\partial \mathrm{t}}-\frac{\partial\lambda}{\partial t}n\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}\int_{0}^{L}\{\frac{\partial}{\partial t}(v-3)+()\frac{\partial v}{\partial \mathrm{t}}+\frac{\partial\lambda}{\partial t}\}dx=0\end{array}$
$)$
. , $C$ $N$ $t$ .
$||$
. , $\partial u/\partial t$ $\partial w/\partial t$ :
$- \frac{\partial^{2}}{\partial x^{2}}\frac{\partial u}{\partial t}+|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}\frac{\partial u}{\partial t}=-2(\frac{\partial^{2}\gamma}{\partial x^{2}}\cdot\frac{\partial^{2}}{\partial x^{2}}\frac{\partial\gamma}{\partial t})u+8|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}(\frac{\partial^{2}\gamma}{\partial x^{2}}\cdot\frac{\partial^{2}}{\partial x^{2}}\frac{\partial\gamma}{\partial t})$
$-2 \frac{\partial^{3}\gamma}{\partial x^{3}}\cdot\frac{\partial^{3}}{\partial x^{3}}\frac{\partial\gamma}{\partial t}$,
$- \frac{\partial^{2}}{\partial x^{2}}\frac{\partial w}{\partial \mathrm{t}}+|\frac{\partial^{2}\gamma}{\partial x^{2}}|^{2}\frac{\partial w}{\partial t}=-2(\frac{\partial^{2}\gamma}{\partial x^{2}}\cdot\frac{\partial^{2}}{\partial x^{2}}\frac{\partial\gamma}{\partial t})w-(\frac{\partial n}{\partial t}\cdot\frac{\partial^{2}\gamma}{\partial x^{2}}+n\cdot\frac{\partial^{2}}{\partial x^{2}}\frac{\partial\gamma}{\partial \mathrm{t}})$
$v/\partial t$ v/\partial t=(\partial u/u)+\lambda (\partial w/&)+( m)w . $v=$
$\lambda w$ $\partial v/\partial t=(\partial u/\partial t)+\lambda(\partial w/\partial t)+(\partial\lambda/\partial t)w$ (E1) ,
$) \frac{\partial\lambda}{\partial t}=\frac{I_{0}^{L}\{-\frac{\partial}{\partial t}(n\cdot\partialarrow\partial^{2}x)(u+\lambda w-3(n\cdot\theta^{2}arrow\partial x)^{2})-(n\cdot\frac{\partial}{\partial}x^{2}\Delta)2(\frac{\partial \mathrm{u}}{\partial t}+\lambda\frac{\partial w}{\partial t})\}dx}{L+\int_{0}^{L}(n\cdotarrow\partial^{2})\partial xwdx}$
.
$i$
$v/\partial t$ $\lambda/\partial t$ :
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5.3. $n\geq 0$ ,
(5.4) $| \frac{\partial\lambda}{\partial t}|,\sup_{x\in S_{L}^{1}}|\frac{\partial v}{\partial t}|,\sup_{x\in S_{L}^{1}}|\frac{\partial}{\partial x}\frac{\partial v}{\partial t}|\leq C(1+||.\frac{\partial\gamma}{\partial t}||_{L^{2}})||.\frac{\partial\gamma}{\partial t}||_{H^{3}}$ ,
(5.5) $|| \frac{\partial v}{\partial’t}||_{H^{n}\dagger 2}\leq C(1+||.\frac{\partial\gamma}{\alpha}||_{H^{n}}^{N})||\frac{\partial\gamma}{\partial t}||_{H^{n+3}}$ ,






$|| \frac{\partial^{n}}{\partial x^{n}}\frac{\partial\gamma}{\partial t}|$I2 $arrow 0$ $(tarrow\infty)$
.
, 1
5.1 (L.Simon [5]). $\hat{\gamma}$ (x) (EE) . , $\theta\in(0, \frac{1}{2})$ $\hat{\gamma}$




5.1. (EQ) $\gamma(x, t)$ (EE) $\hat{\gamma}(x)$ $C^{\infty}$ .
. 5.2 5.4 , $||\gamma||_{H^{n+4}}\leq C$ . , Ascoli-Arzel\’a ,
$\{t_{j}\}_{j=1}^{j=\infty}\subset$ $[0, \infty)$ $C^{\infty}$ $\gamma_{j}arrow\hat{\gamma}$ . , $\gamma_{j}$ (x) $:=\gamma(x, tj)$
. $v_{j}$ $C^{\infty}$ $v_{j}arrow\hat{v}$ , $\lambda_{j}arrow\hat{\lambda}$ .
$\gamma,$ $v,$
$\lambda$ (EQ) , 5.4 $\hat{\gamma},$ $v$^, $\hat{\lambda}$
$\{$
$- \frac{\partial^{4}\hat{\gamma}}{\partial x^{4}}+\frac{\partial}{\partial x}$ (($\hat{v}-2$ $| \frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}|^{2}$) $\frac{\partial\hat{\gamma}}{\partial x}$) $+\hat{\lambda}\hat{n}=0$ ,
$- \frac{\partial^{2}\hat{v}}{\partial x^{2}}+|\frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}|2 \hat{v} =2| \frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}|4 -| \frac{\partial^{3}\hat{\gamma}}{\partial x^{3}}|^{2}-\hat{\lambda}\hat{n}\cdot\frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}$ ,
$\int_{0}^{L}\{$ ($\hat{n}\cdot\frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}$ ) $\hat{v}-(\hat{n}$ . $\frac{\partial^{2}\hat{\gamma}}{\partial x^{2}}$) $3+\hat{\lambda}\}dx=0$ .
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. , 5.1 :
“ $T>0$ $r>0$ $||\gamma-\hat{\gamma}||_{L^{2}}\leq r$ $\gamma(x, t)$ $t\geq T$
$\mathrm{v}|$ I2 $\geq|E(\mathrm{t})-E(\hat{\gamma})|^{1-\theta}$
. ”
$U_{r}:=$ {\gamma (x, $t$ ) $|||\gamma-\hat{\gamma}||_{L^{2}}\leq r$ } “ $r>0$
$T>0$ $t\geq T$ $t$ $\gamma(\cdot, t)\in U_{r}$ ’
. .’ {tj}jj==\infty l. $\gamma$ ( $\cdot$ , ) $\not\in U_{r}$ .
, $\gamma(\cdot, t_{1})\in U_{r/2}$ $t_{1}>T$ . , $||\gamma||_{L^{2}}$
$t\in[t_{1}, t2)$ $\gamma(\cdot, t)\in U_{r}$ , $\gamma(\cdot, t_{2})\not\in U_{r}$ $t_{2}>t_{1}>T$
. ,
(5.6) $\frac{r}{2}\leq||\gamma(\cdot, t_{2})-\gamma(\cdot, t_{1})||_{L^{2}}\leq\int_{t_{1}}^{t_{2}}||\frac{\partial\gamma}{\partial t}||_{L^{2}}dt$
. $t\in$ $t_{2}$ ) , 5.1
$\frac{1}{2}\frac{d}{dt}E(\gamma)=-||\frac{\partial\gamma}{\partial t}||\begin{array}{ll}2 L^{2} \leq-\end{array}|| \frac{\partial\gamma}{\partial \mathrm{t}}||_{L^{2}}|E(\gamma)-E(\hat{\gamma})|^{1-\theta}$
, $E(\gamma)-E(\hat{\gamma})\geq 0$ ,
(5.7) $\frac{1}{2\theta}\frac{d}{dt}(E(\gamma)-E(\hat{\gamma}))^{\theta}=\frac{1}{2\theta}\theta(E(\gamma)-E(\hat{\gamma}))^{\theta-1}\frac{d}{dt}E(\gamma)\leq-||\frac{\partial\gamma}{\partial t}||_{L^{2}}$
. (5.7) $t_{1}$ $t_{2}$ ,
(5.8) $\int_{t_{1}}^{t_{2}}|$E$||_{L}$2 $dt \leq\frac{1}{2\theta}[(E(\gamma)-E(\hat{\gamma}))^{\theta}]_{t_{2}}^{t_{1}}\leq\frac{1}{2\theta}(E(\gamma(\cdot, t_{1}))-E(\hat{\gamma}))^{\theta}$
, (5.6) (5.8)
$\frac{r}{2}\leq\frac{1}{2\theta}(E(\gamma(\cdot, t_{1}))-E(\hat{\gamma}))^{\theta}$
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